A technique for identifying and characterizing staphylococcal hemolysins by first separating them electrophoretically in barbital-buffered agar gel (pH 8.4) at 5 ma/cm for 2 hr and then determining their hemolytic activities by exposing them to human, horse, rabbit, and sheep erythrocytes is described. The a-hemolysin produced by a White variant of the Wood 46 strain of Staphylococcus aureus migrated 18 mm towards the cathode, and it lysed horse, rabbit, and sheep erythrocytes, whereas a Clear variant of the Wood 46 strain of S. aureus produced a lysin which migrated similarly to the a-hemolysin but lysed only rabbit cells. This latter lysin was tentatively named a1-lysin. This strain of S. aureus also produced ,Bhemolysin which migrated 36 mm towards the cathode and lysed sheep cells. jHemolysin produced by some strains of S. aureus showed considerable tailing during electrophoresis, whereas 3-hemolysin produced by other strains of S. aureus migrated as a well-defined peak. A lysin migrating 11 mm towards the anode was probably 6-lysin. It was, however, not produced in sufficient concentration when the cultures were grown in semisolid medium.
The procedures currently used for the identification of staphylococcal hemolysins are not satisfactory. Cultures (2, 3, 6, 7) . Furthermore, the cultures are seldom homogeneous. Variants are often present which frequently produce hemolysins other than those produced by the parent population (5) . These variants may also produce additional enzymes and thus further influence the activities of the hemolysins produced by the parent population. Because of these and other similar problems neither the patterns of lysis produced by cultures of S. aureus on various species of blood-agar plates nor the hemolytic titers obtained by titrating culture filtrates against various species of erythrocytes can be interpreted with reliability in terms of the types of hemolysins produced by the culture. Primarily because of the undefined specificity of antiserum, its use does not eliminate these problems.
The complications due to interactions among various products of S. aureus can be eliminated provided the hemolysins are first separated from each other as well as from other diffusible products of S. aureus and then identified by determining their hemolytic activities. Electrophoresis of staphylococcal culture filtrates in agar gel offered a simple means of accomplishing the desired separation. Consequently, the method of electrophoretic localization for the identification of various hemolysins was developed and is reported here. The method is equally useful for identifying other biologically active products of S. aureus as well as those of other organisms. The glass plate along with its agar gel was freed from the surrounding gel with a scalpel, and eight circular wells 0.5 mm in diameter were cut across the center of the plate (Fig. 1) . A specially designed agar gel cutter (Fig. 2) was used for this purpose. It consisted of a knife assembly which could be moved back and forth on two horizontal rods 18.6 cm long but could be stopped at any one of the eight predetermined points. These points were located in an 8.25-cm length of the horizontal rod and were alternately spaced 13.5 and 9.5 mm apart. The knife assembly consisted of a teflon bar 19.5 cm long and 2.8 cm thick with a 0.8 X 8.7 cm rectangular cut-out in the center. A knife blade 8.6 cm long held in a "T"-shaped knife holder was suspended through this opening. The edges of the knife holder were supported on metal spring assemblies. Two holes (0.6 mm in diameter) were cut in the center of the knife holder; they extended from the top to the bottom of the holder and were located at a distance of 0.25 mm from each side of the knife blade. These holes served as guides for punching the circular wells in the agar gel. The J. BACTERIOL.
-6.5mm.
-9.5mm. In order to punch the wells shown in Fig. 1 , the agar plate was placed in the cutter and was secured in place by sliding and securing the movable piece of Plexiglas. The knife assembly was then moved to the first position, and a circular punch 0.5 mm in diameter and 0.5 inch (1.27 cm) long was inserted through the hole of the knife holder near the outer edge of the plate. The other end of the punch was attached to a vacuum line which facilitated removal of the agar gel cut out by the punch. The knife assembly was then moved to the second position, but now the punch was inserted through the hole away from the outer edge of the plate. This process was repeated at the six remaining marked positions; the two holes in the knife holder were used alternately.
Each of the eight wells was then filled with the culture filtrate by use of a Wright's pipette drawn to a fine capillary. The plate was then inverted and placed in the electrophoresis apparatus (Fig. 3) . Two such plates could be accommodated in the apparatus at one time. The electrode chambers of the apparatus were connected with their respective agar bridges through a slit cut in the lower portion of the partition. The agar bridges were prepared by filling the electrode chambers and the chambers for the agar bridges with the same barbital-buffered agar used in making the plates and allowing it to harden. Agar from the electrode chambers was later removed by cutting with a sharp metal spatula. Platinum wire electrodes were then placed in the electrode chambers and the chambers were filled with a 1: 4 dilution of the stock barbital buffer. Heathkit Regulated Power Supply model IP-32 (Heath Co., Benton Harbor, Mich.) was used as a current source.
The culture filtrates were electrophoresed for 2 hr at a constant current supply of 45 ma per plate. After electrophoresis, four strips of agar (13.5 X 86.0 mm) parallel to the line of migration and 0.25 mm from the wells were removed (Fig. 1) (Fig. 4) . These hemolysins were designated a-hemolysin and rabbit cell lysin, respectively.
The culture filtrate of the Clear variant of the Wood 46 strain of S. aureus when tested without electrophoresis lysed rabbit and sheep erythrocytes. After electrophoresis, however, this culture filtrate was found to contain two hemolysins (Fig. 5) . One of these hemolysins migrated 18 mm towards the cathode and lysed rabbit cells only. The other hemolysin produced a well-defined peak 36 mm towards the cathode and caused "hot-cold" lysis of sheep cells. This second hemolysin was therefore designated ,B-hemolysin. The factor causing lysis of rabbit cells alone could not be identified with a-hemolysin. It did not lyse any other species of cells, even after 7 days of incubation. Examination of concentrated culture filtrates by electrophoresis also showed this lysin to hemolyze only rabbit cells. This hemolysin, therefore, has biological activity different from that of the a-hemolysin produced by the White VOL. 93, 1967 variant of the Wood 46 strain of S. aureus; nonetheless, because of similarity of electrophoretic behavior, it was designated al-lysin.
The culture filtrate of the 681 strain of S. aureus also showed the presence of two hemolysins. One of these hemolysins was the fi-hemolysin (Fig. 6) The filtrate of the Foggie strain of S. aureus, when examined without electrophoresis, lysed all four species of erythrocytes. Upon electrophoresis, however, it was found to contain at least two hemolysins (Fig. 7) . One of these hemolysins migrated 18 mm towards the cathode and hemolyzed rabbit, sheep, and horse erythrocytes and thus corresponded with the a-hemolysin of the White variant of the Wood 46 strain of S. aureus. The other hemolysin lysed sheep cells in a "hot-cold" manner. This hemolysin was therefore considered similar to f-hemolysin. The Foggie strain of S. aureus produced large quantities of this hemolysin. Besides these two hemolysins, there also appeared to be a third peak of hemolytic activity on sheep blood agar. This central peak may represent tailing from the large amount of fi-lysin present in the culture filtrate, or it may be a separate hemolysin. Longer periods of electrophoresis may be needed for further separating these hemolysins. None of the hemolysins, however, lysed human cells.
The filtrate obtained from the 146P strain of S. aureus also hemolyzed all four species of erythrocytes when examined without electrophoresis. Upon electrophoresis, however, the culture was found to contain ca-and /3-hemolysins (Fig. 8) .
The quantity of j-hemolysin present in this culture filtrate was much less than that present in the filtrate of the Foggie strain of S. aureus. ,BLysin migrated as a distinct peak and showed no tailing. The finding that certain hemolysins present in the culture filtrates of different strains of S. aureus had similar electrophoretic migrations but different hemolytic activities poses the question regarding the identity of these hemolysins; for instance, the hemolysin produced by the Clear variant of the Wood 46 strain of S. aureus localized in the area of the a-hemolysin, but it hemolyzed only rabbit cells. The absence of lysis of sheep and horse cells was not due to a low concentration of this hemolysin, because concentrated preparations of this hemolysin as well as extended periods of exposure of cells to this hemolysin also failed to cause lysis of sheep and horse cells. These findings emphasize the separate identity of this hemolysin. Various investigators in the past, while attempting purification of a-hemolysin, have used only rabbit erythrocytes to detect the presence of a-hemolysin at various stages of purification. It is very likely that some investigators who have reported a low initial activity of their hemolysin preparations against rabbit cells were perhaps working with this hemolysin rather than with a-hemolysin. Presently, the hemolysin produced by the Clear variant of the Wood 46 strain of S. aureus is identified as a1-hemolysin. Attempts are now being made to elucidate its antigenic relationship with the a-hemolysin.
The identification of 6-hemolysin of S. aureus by conventional procedures is very doubtful because of the synergism known to exist between 5-and 3-hemolysins as well as between #-hemolysin and various other products of S. aureus. Lysis of sheep and human cells could thus be due to factors other than 5-hemolysin. The culture filtrates of the Foggie strain of S. aureus used by Yoshida (8) and the 146P strain of S. aureus used by Murphy (M.S. Thesis, University of Illinois, Chicago, 1966) for the production of 6-hemolysin did not reveal the presence of 6-hemolysin by the electrophoretic localization technique. Instead, they contained both a-and 3-hemolysins. The latter hemolysin was produced in such abundance by the Foggie strain of S. aureus that some other factor, e.g., lipase, which is also produced by this strain in large quantities, may have synergistically lysed human cells when the filtrate was tested without electrophoresis.
The quantity of,-hemolysin produced by the
